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INTRODUCTION 

In  1935,  the  U,  S.  Department  of  Agrici^lture ,  through  joint  effort 
of  the  Bureau  of  Plant  Industry  and  vhat  is  nov;  the  /igri cultural  Marketing 
Service,  "began  a  more  intensive  and  extensive  study  of  the  quality  of 
American  cotton  than'  heretofore  had  hecn  undertaken..    This  was  in  response 
to  a  rather  v.dde  realization  of  the  lack  of  information  on  the  chara,cter- 
istics  of  cottons  produced  in  this  country;  of  hov;  cottons  of  special 
characteristics  can  l8  distinguished  and  recognized;  of  v/herc  they  cs-n  "be 
found;  and  of  hov7  these  characteristics  are  influenced  "by  variety  of  cotton, 
type  of  soil,  climatic  conditions,  and  the  like. 

In  the  organization  of  the  study,  extensive  cooperation  of  the 
southern  agricultural  experiment  stations  vras  sought  and  pl?.ns  vrere  v/orked 
out  in  detail  with  them,    A  systematic  plan  v;a.3  adopted.     Sixteen  different 
varieties  of  cotton  vere  selected.    They  differed  widely  in  staple  length 
as  well  as  in  many  other  respects.     In  general,  they  were  selected  to  he 
representative  of  the  more  important  commercial  typeL  and  varieties  "being 
grovm  in  the  different  regions  at  the  time  the  study  was  start 3do  Sufficient 
seed  was  purchased  in  a  single  lot  for  each  vs^riety  for  3  yeo.rs '  planting. 
These  lots  v/ere  purchased  from  reliable  sources,   in  most  cases  from  the 
originator  or  "breeder  of  the  variety.    The  stocks,  therefore,  vrcre  as  pure 
as  could  "be  had. 

These  same  16  varieties  v/ere  planted  in  8  replications  at  14  different 
locations  scattered  across  the  rainfall  part  of  the  Cotton  Belt  for  the  crop 
years  1935,  1936,  and  1937.     In  1937,  they  were  planted  at  an  additional 
station  in  Texas.    The  study  a.lso  includes  7  selected  varieties  grovm  at  4 
stations  in  the  southwestern  irrigated  region  of  the  Cotton  Belt,  several 
of  v/hich  varieties  are  common  to  the  series  for  the  rainf3.11  part  of  the 
"belt. 

The  ginning  of  all  the  samples,  a  toteJ  of  about  5000,  was 'handled 
"by  the  same  persons  on  the  same  gin  (a.  small  sa„w  gin  without  cleaning  or 
extracting  equipment  and  without  a  condenser)  a.n6.  undeT  compara"ble  conditions. 
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Every  effort  was  raado,  moreover,  to  have  these  and  a,ll  other  operations 

and  handling  procedures  for  the  different  sojnples  as  systematic  as  possilDle. 

■'  A  part  of  th.e  Regional  Variety  Study  has  "been  financed  from  funds 
made  av<'iilable  "by  the  Textile  Foundation.     The  various  experiment  stations 
grew  the  cotton  under  c-^irefully  controlled  or  recorded  conditions,  and 
raemhers  of  thuir staffs,   to.c^ other  ^jith  members  of  the  staff  of  the  Bureau 
of  Plant  Industry,  located  at  various  stations  in  the  "belt,  made  the 
observations,  recorded  the  field  data,   and  collected  the  samples.  The 
fiber  and  spinning  tests  have  been  made,  or  are  being  made,   in  the 
laboratories  of  the  .,4g;ricultural  Marketing  Gervice.    All  planting,  and 
all  cultural,  harvesting,  ginning,  manm act nr ing,  and  fiber  testing  of 
the  different  'samples  have  been  done  under  as  favorable  conditions  and 
as  syst ema,t ically  rs  hjive  been  practicable,  ■ 

As  will  be  at  once  evident,  a  tremendous  -lunount  of  uork  has  been 
involved  in  this  undertaking.     In  the  case  of  the  agronomic  data  alone, 
an  enormous  number  of  observations  have  been  collected.     So,  also,  in 
the  case  of  thj  fiber  and  spinning  data,  literally  banks  of  files  have 
been  filled  rith  them.    Many  more  stj.ll  remain  to  be  collected  before 
the  job  is  corroletc.     After  all  the  data  are  collected,   the'  large  task 
remains  to  oonvert.  them  into  suitable  measures  of  properties  and  to  analyse 
them  properly  -'ith  respect  to  the  contributions  of  the  many  variables  in- 
volved,  including,  those  ^^rouped  broadly  under  varieties,   soil,  v/eather 
conditions,   etc    Preliminary  r^oports  are  being  -.Torked  up  as  certain 
portions  of  the  data  become  available  in  order  that  cotton  breeders, 
farmers,  manufac turner s ,  and  others  \nlio  are  interested  may  receive  the 
benefits  of  ths  study  at  the  earliest  possible  moment. 

Some  of  the  fiber  and  spinning  results  for  the  16  varieties  from 
8  of  the  locotions  in  the  rainfall  poxt  of  the  belt  were  tabulated  for 
the  1935  and  1936  crops,   and  a  preliminary  report  1/  was  made  before  'the 
meeting  of  the  American  Society  of  Agronomy  at  Ne^:?  Orleans  in  llov ember. 
These  data  were  presented  in  chart  form.     A  number  of  the  findings  and 
relationships  possess  particular  interest  with  reepect  to  certain  factors 
and  iDrincipics  invdved  in  the  liroduction  of  cotton  fib,jr  properties  and 
spinning  quality.     An  understanding  of  the  type  of  analysis  tiirt  is  being 
undertaken  aiid  the  kind  of  information  that  is  being  obtained,  for  the  broad 
study  as  a  whole,  can  be  gained  by  reference  to  this  mineogrpphod  publication, 
copies  of  Y/hich  are  available.  .  ^ 


1/  Campbell,  Malcolm  E.     Preliminory  Report  of  Cotton  Spinning  and  Related 
Piber  Studies,   in  Connection  With  the  Regional  Variety  Series,  Crops  of  1935 
and  1936.     Address,  meeting,  Amor.  Soc.  Agron.  ,  Nv.w  Orleans,  Nov.  23,  1939.  ^ 
U.  S.  Agr.  Mktg.  Serv.  26  pp.,   illus.  (Mimeographed.) 


THE  mOHLyii  WITH  TK3  1937  CROP 

In  the.  of  1937,  vThcn  tho  ne-v  cotton  "began  to  novo  into  the  manu- 

facture of  various  fabrics  for  nechoaiical  use  -  ospocially  of  tire  cords,  - 
it  uas  soon  discovered  "by  ^-'.any  spinners  that  cottons  of  a  given  staple  lengt: 
and  grade  gave  yaTns  and  cords  v;ith  appreciably  leaver  strength  than  uas  the 
case  v;ith  corresponding  cottons  cmd.  -products  for  the  preceding  year,   or  for 
the  general  run  of  crop  years.     This  at  once  iiarked  "back  to  their  sinilar 
experiences  v/ith  ar.d  reaction  to  the  unusual  crop  year  of  1931.  Many 
spinners  and  buyers  for  large  cotton  nanuf :;;,ctui'ing  plants  T7ere  therefore 
greatly  and  quite  na.turally  concerned.     A  nunber  of  ther.  promptly  con- 
nunicated  with  cotton  fiber  and  spinning  t schnologist s  in  the  Departnent 
of  Agricultrn'-e  to  inquire  -jhat  had  happened  to  the  cotton,  \7here  they  could 
get  norno.l  cotton,  ho^v  they  co\ild  recognize  the  good  fron  the  bad,  why  the 
usual  classification  procedure  failed  to  r-oveal  these  varia,bilities  o.nd 
inequalities,  and  a  host  of  other  eoually  pertinent  questions. 

These  questions  .are  good  ones,   of  course,   but  the:/  are  very,  very 
difficult  to  ansv/er.  since  they  are  concerned  so  intinat-jly  v/ith  the  very 
baffling  and  elusive  natter  of  cotton  character.     The  nature  and  extent 
of  the  character  problen,   its  iiToortanco  and  its  difficulties,  as  -.^ell  as 
the  limitations  in  the  -oresent-dpy  ki'iov/lcdge  and  techniques,  r/as  discuesed 
in  a  paper  presented  before  a  recent  neoting  of  the  Aj-ierican  Society  of 
■Agronony  at  Nen  Orleans  2^1.     The  nore  pertinent  technical  considerations 
vrere  presented  in  an  earlier  rex)ort  3/. 

TJie  Department  was,  of  ccm-se,   not  in  a  position  to  ansuer  on  short 
notice  the  specific  questions  --.^hich  the  spinners  and  buyers  raised  in  con- 
nection ^7ith  the  crops  of  1931  and  1937,   even  thoiu^h  tto  had  considerable 
observations  and  data  on  file.    As  a  natter  of  fact,   our  f^jin-anental  progron 
T7a3  Just  getting  well  under  Tray  ^'n^n  the  difficulty  arose  in  the  early  1930' 
¥o  were  seriously  concerned,  hr;T,7ever,  about  t-ie  findings  reported  by  the 
nanuf acturer s  and  the  shippers  for  1937.     InDodio.tely  we  rearro/nged  certo,in 
phases  and  schedules  of  our  cotton  research  ■progran,    in  connection  -vith  t^ie 
Regional  Variety  Study,    in  an  effort  to  get  certain  scientific  infornation 
on  the  cause  or  causes  of  the  trouble,  nore  rn.pidly  than  'Tould  have  been 
possible  if  v-c  had  follov-ed  our.  regular  laboratory  sched-ole.     Th:\t  is,  vc 
set  up  a  special  test  in  \7hich  t'.TO  rather  '^'idelj/  grov/n,  and  nore  or  less 
representative,  cottons,   of  the  croD  year  1937,  v;ould  be  selected  out  of 
the  Regional  Variety  Series,   frcn  11  different  locations  in  the  Cotton  Belt, 
and  T7ould  be  nanufactured  into  yarns  and  cords  ahead  of  the  others  in  the 
study,     ?or  conparison,   representative  sr.n-oles  of  the  sane  tno  varieties  of 
cotton,  gro77n  at  tne  sane  11  locations  in  1935,  v/ere  spun  into  the  srne 
products. 


2/  Webb,  Robert  W.     ilature  and  Scope  of  Cotton  Fiber,   Ginning,   and  Spinning 
Researches.     Ad'ress,  meeting,  A;eer .  Soc.  Agron.  ,  IJev7  Orleans,  ITcv.   22,  1939 
IJ.   S.  Agr.  f'lktg.   Serv.   2-1-  pp.,    illus,  (Mimeographed.) 

3/  Conrad,  Carl  M. ,  and  Webb,  Robert  W.  The  problen  of  Character  Standard- 
ization in  AmericoJi  R,av/  Cotton.  U.  S.  Bur.  Agr.  Zcon. ,  Prelim,  Rpt.  19  pn.- 
illus.  July  1935.  (Mimeographed,) 
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Tlie  remaining  portion  of'  this  paper  siuinarizes,    in  a  soneyhat  popular  i 
way,   the  findings  of  these  Gtudies  on  tne  tv/o  varieties,   nDj.iely,  Missdel  4 
and  Stoneville  5.     The  11  locations  vrhure  gro^^n  were  Statesville,  IT.  C, 
Florence,   S.  C,  Fort  Valley,   G-a.  ,  Prattville,  Ala.,  Knoxirille,  Tenn.  ,  . 
Jackson,   Terji.,  Stoneville,  Miss.,  upland  station  at  Marianna,  Ark.,  delta 
station  at  Marianna,  Ark.,  Baton  Rouge,  La.,  and  Lubbock,  Texas. 


IIIKUENCE  01'  CROP  YEAR  AT  DIFEEREITT  POINTS  IN  THE  COTTON 
BELT  ON  VARIOUS  FIBER  AilD  YARN  PROPERTIES 

Cord  and  Yarn  Strength  in_  Relation  t_o  Fiber  Length 

In  the  cotton  manufacturing  industry,   two  of  the  principal  measiores 
of  quality  are  yarn  strength  and.  cord  strength.     Skein  strength  of  various 
coiints  of  ya.rn  in  particular  is  a  routine  measure  in  almost  each  and  every 
mill.     The  strength  of  yarns  and  cords  wa.s,  of  course,   the  basis  on  which 
the  inferiority  of  the  1937.  crop  first  became  evident.     Accordingly,   in  the 
discussion  to  follow,  strength  of  the  manufactured  product  will  be  the 
principal  basis  of  comparison,   even  thcagh  it  is  appreciated  that  other 
properties  also  are  important. 

In  figure  1  are  shown  on  the  same  chart  the  23-5-3  tire  cord  strength, 
the  weighted  22 *s  yarn  skein  strength,   the  upper  quartile  length  of  the 
fibers,  and  an  adjusted  22 's  skein  strength.     The  measures  for  the  different 
properties  are  plotted  with  a.  continuous  line  for  the  1936  crop  and  a  broken 
line  for  the  1957  crop,  with  the  average  for  all  locations  indicated  at  the 
right-hand  side.     As  will  be  noted,   the  measures  are  plotted  for  the  different 
locations  of  growth  in  the  Cotton  Belt  and  the  arra„ngement  of  locations  is 
in  order  of  descending  weighted  22' s  skein  strength  for  the  1936  crop.  The 
results  for  both  v.rijrieties  of  cotton  have  been  a.veraged  in  adl  cases. 

Referring  first  to  the  weighted  22' s  yarn  strength,   it  may  be  mentioned 
tha.t  the  term  "weighted"  mefins  that  the  strength  of  44' s  8.nd  60' s  ya^rns  were 
taken  into  account,   together  with  the  22' s  yarn  in  arriving  at  a  fi,gure  for 
the  spjnple.     It  will  be  noted  for  1936  that  a  high  value  of  110.3  pounds 
was  obtained,   and  that  this  decrea.ses  gradually  for  different  stations  to 
96.7  pounds  for  Lubbock,  Tex.     The  average  wa.s  103.45  ,arid  the  variation 
was  13,6  pounds,   or  13,2  percent  of  the  average.     However,   in  1937  the  order 
and  magnitude  of  skein  strength  was  greatly  altered.     The  average  v/eighted 
yarn  strength  for  1937  was . only  95.16  pounds  as  compared  with  103,45  pounds 
for  1936,  or  8,0  percent  weaker.     The  strength  of  the  1937  sajnples  was 
nearly  the  same  a.s  those  from  the  1936  crop  at  five  of  the  stations,  slightly 
better  at  one  point,  and  very  noticeably  lower  a,t  five  of  the  locations. 
The  range  of  weighted  22' s  skein  strength,  in  1937  is  from  105.6  to  67,1, 
the  enormous  amount  of  38,5  pounds,  or  more  thaJi  40  percent  of  the  average. 
Baton  Rouge  vias  especially  responsible  for  this  large  range,  the  yarn  strength 
hero  being  practically  45  percent  below  the  1936  fi,gure.    We  shall  be 
especially  concerned  as  vie  proceed  v/ith  the  different  fiber  and  ya.rn 
properties  to  see  how  these  differences  were  brought  about  by  certain 
influences. 
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Figure  I.-    Tire  cord  and  yarn  skein  strength  in  rela> 

TION    TO    upper    QUARTILE    FIBER    LENGTH    AND    YARN  SKEIN 
strength    ADJUSTED    FOR    A    COMMON    AVERAGE    FIBER    LENGTH. EACH 
PLOTTED    POINT    IS    THE    AVERAGE    FOR    THE    TWO  VARIETIES. 
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Turning  next  to  the  tire  cord  strength,   shown  at  the  top  of  the  chart, 
we  note  that  in  most  respects  the  carves  parallel  the  corresponding  ones  for 
weighted  2.2 's  yarn  skeins.     There  are  a  few  slight  discrepancies  but  these 
are  mainly  in  connection  with  the  1935  crop.     In  1936,  the  cord  strength 
averaged  17.1  pounds  and  changed  from  18.5  to  15.7.     This  is  a  range  of  2.3 
pounds,   or  16,5  percent  of  the  average.     In  1937,  however,   the  average  was 
only  16.4  pounds,  a  4,1  percent  reduction  over  that  for  1936,  and  the 
strength  varied  from  17,8  to  13.2  pounds,  a  range  of  4,6  pounds,  or  28.0 
percent  of  tne  average.    Again  Baton  Rouge,  La.,   is  responsiole  for  a  large 
portion  of  the  range.    Here  the  1937  cord  was  18,5  percent  weaker  than  the 
1936  cord.     One  difference  hetween  the  1936  curves  for  yarn  and  cord 
strength  appears  at  the  tv/o  right-hand  stations  whore  the  cord  strength 
increases,  whereas  the  skein  strength  decreases.    Also,  the  contrast  "between 
the  cord  strength  of  the  samples  for  the  2  years  at  Fort  Vs-lley,  G-a, ,  and 
Florence,  S.  C,  was  much  less  than  for  the  skein  strength.     Since  the  cord 
results  show,   in  the  main,   simila.r  v.ariations  to  those  of  the  yarn  skeins, 
ajid  since  yarn  strength  seems  to  he  more  sensitive  to  variations  in  cotton 
fiber  properties  than  cord  strength,  the  cord  strengths  will  not  be  con- 
sidered f-'jLTther  in  this  discussion. 

It  is  a  we-.'ll  known  fact  th^t  yarn  skein  strength  is  highJLy  dependent 
on  length  of  the  fiber.     Accordingly,  one  of  our  first  questions  will  be, 
to  what  extent  were  differences  in  skein  strength  due  to  differences  in 
fiber  length.     The  upper  quartile  length  for  the  samples  here  considered 
is  plotted  in  the  third  set  of  curves  from  the  top  in  fig^ure  1,  ■  The  upper 
quartile  length  is  used  in  preference  to  the  staple  length  because  it  is^ 
a  far  more  precise  measure  of  length  than  the  latter,  and  because,   on  the 
average,  -it  gives  somewhat  closely  parallel  figures.     It  will  be  noted, 
first,  that  the  samples  tested  for  the  1936  crop  possessed  an  average  length 
of  1,15  inches  a.nd  that  those  for  the  1937  croj),  1.16  inches.  Secondly, 
it  will  be  noted  th^t  the  samples  for  the  1936  crop  had  a  much  greater 
range  of  fiber  length  than  did  the  1937  crop.    Here  the  range  was  fromi  1.24 
inches  at  Statesville,  !I.  C,   to  1,06  inches  at  Lubbock,  Tex.,  -  a 
difference  of  nearly  3/16  inch.     In  1937  the  rajige  was  from  1.19  inches 
at  Knoxville,  Tenn.,   to  1.13  inches  at  Frattville,  Ala.,  -  a  total  of 
only  about  l/l6  inch- 
Referring  back  to  the  weighted  22' s  skein  strength,  we  may  assume 
that  in  1935  the  fiber  length  was  a  prominent  fa.ctor  in  maintaining  the 
level  of  strength  at  Fort  Valley,  C-a. ,  and  Statesville,  i".  C,  and  in 
reducing  it  at  Lubbock,  Tex.     But  in  1937  the  low  strength  of  yarns  and 
cords  at  severa,l  of  the  stations  can  scarcely  be  ascribed  to  differences 
in  fiber  length.     This  is  better  brought,  out  b^^- reference  to  the  lower 
set  of  curves  where  the  weighted  22' s  yarn  strength  has  been  a.djusted  to 
what  it  should  hp.ve  been  if  the.  fiber  length  had  been  the  sajne  in  all 
cases  a.s  the  avera.ge  for  the  series.     It  will  be  noted  tha^t,  in  comparison 
to  the  1936  unadjusted  skein  strengths,   the  figijres  for  Fort  Valley,  G-a,, 
and  Statesville,  H.  C. ,  lia.ve  now  moved  down  appreciably  sjid  the  value  for 
Lubbock,  Tex. ,  has  moved  up  quite  materially/.     It  would  now  appeaJr  tha.t 
the  reason  for  the  1936  cord  strength  increasing  at  Baton  Ro^xgo,  La.,  and 
at  Lubbock,  Tex.,  in  contrast  to  the  behavior  of  the  skein  strength  at  these 


two  stations,  was  that  the  cord  strehgth,  due  probal^ly  to  the  extra  twist  or 
cabling  effect,  V7as  less  dependent  on  fibei'  length  than  the  skein  strength 
and  was  more  dependent  on  -the  ultimate  strength  of  the  substance. 

On  the  other,  hand,    in  the  case  of  the  1937  skein  values,   the  curves 
for  the  unadjusted  and  adjusted  values  are  of  almost  the  identical  form. 
This  is  what  would  be  expected,  however,   since  there  is  such  a  relatively 
narrow  range  of  lengths  for  the  different  samples  of  the  1937  series  as 
compared  with  that  for  the  1936  series,  .  Accordingly,  X7e  must  look  for 
fiber  properties,  over  and  beyond  length,  as  the  source  of  trouble  for  the 
Siimples  from  the  1937  crop,     S'ince,   in  further  discussion  of  the  seasonal 
influence,  we  v/ish  to  examine  various  other  properties,  largely  of  the 
character  categor7/,  we  shall  use  only  the  adjusted  skein  strength  values, 
so  as  to  eliminate  the  frequently  confusing  and  overshadowing  influence 
of  the  fiber-length  factor. 


■Relat  ion  of  Cotton  G-rado  and  Manitf  ac tur ing  Waste  to  22'  s  Skein 

Strength  and  to.  Yarn  A'opearance 

It  is  of  interest  next  to  take  a  look  at  the  grade  and  waste  results 
for  these  samples.     It  is  to  be  an.ticipated  that  both  factors  will  be  closely 
related  to  seasonal  influences  and  an  ex.amination  of  the  curves,  ¥/ith  respect 
to  these  factors,  may  yield  valuable  clues  as  to  the  cause  or  causes'  for  the 
failure  of  the  1937  croj).     The  gra.de  of  the  raw  cotton  lint  and  the  combined 
manufacturing  picker  aaid  card  waste  are  plotted  in  figure  2  in  relation  to 
the  adjusted  22' s  skein  strength  and  the  appearance  of  the  22 's  yarns.  Yarn 
appearance  or  evenness  is  defined  in  terms  of  the  photographic  grade 
standards  for  yarn  v/hich  recently  have  been  developed  by  the  cotton  spinning 
laboratories  of  the  Agricultural  Marketing  Service  and  adopted  by  the 
American  Society  for  Testing  Materials  as  tentative  standards. 

Referring,  first,   to  the  grades  of  the  samples  for  the  two  crops  shown 
in  the  second  sot  of  curves  from  the  top  of  the  chart,   it  will  be  noted  tha.t 
the  lower  grades  ai'e  indicated  by  the  higher  points  of  the  curves  and  the 
higher  grades  by  the  lower  points.     The  grades  varied  quite  considerably  at 
different  growth  points  for  both  years.    The  grade  of  the  1936  samples 
averaged  6.11  or  slightly  below  Strict  Low  Middling,  and  varied  from  5  or 
Middling  to  7,25  or  below  Low  Middling,  a  range  of  2.25  or  37  percent  of 
the  average.     In  1937  the  grade  averaged  6,00  or  Strict  Low  Middling,  and 
varied  from  4,75,  or  slightly  better  than  Middling,   to  7.50,  or  between 
Low  Middling  and  Strict  Good  Ordinary.     The  range  was  2,75  or  46  percent  of 
the  average.     Thus,  while  the  average  was  slightly  better,   the  range  of 
grades  was  somewhat  greater  in  1937  than  in  1936,  and  this  was  probably  due 
to  the  greater  ajnount  of  rainy  weather  a^fter  the  bolls  opened  and  while  the 
cotton  remained  on  the  plant  in  the  field.     Only  a„t  Florence,  S.  C, 
however,  was  a  materially  lower  grade  of  the  1937  samples  associated  with 
a  materially  lower  yarn  strength  for  this  yoaj".     At  aJl  other  stations, 
except  Baton  Rouge,  La.,   the  grade  of  the  1937  samples  was  equal  or  better 
than  for  the  1936  samples.     The  difference  in  grade  of  the  samples  from 
Baton  Rouge,  La.,  for  the  2  years,  however,   is  probably  not  significant. 
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Figure  2.-    Adjusted  skein  strength  of  22*s  yarn  in 
relation  to  grade  of  the  raw  cotton,  manufacturing,  pick- 
ER   AND    CARD    WASTE    AND    THE    APPEARANCE    OF    22'S    YARN.  EaCH 
PLOTTED    POINT    IS    THE    AVERAGE    FOR    THE    TWO  VARIETIES. 


In  general,  the  course  of  the  curves  for  grade  are  almost  the  reverse 
of  those  for  the  adjusted  22' s  skein  strength.     As  the  grade  curves  go  up 
the  skein  strength  curves  "become  lower.     Thus,   there  is  rather  strong  cir- 
cumstantial cvid.ence  that,    in  ,'';t>ner8.1,  factors  which  influence  the  grade 
also  strongly  influence  the  strength  of  the  ya.rn.     It  is  quite  prohahle 
that  the  weathering,  either  of  itself  or  hy  its  influence  on  microorganisms, 
has  reduced  "both  the  grade  and  th-^;  potential  skein  strength  after  the  cotton 
was  matui'^e  and  the  open  "bolls  remained  on  tlie  plants  in  the  field.  Especially 
at  Florence.  S.  C,  would  this  apmear  to  have  "been  the  case.    Reference  will 
"be  made  agair  to  this  point,   hov,ever,   in  a  later  sectiono 

Heferri-'ig  next  to  the  third  set  of  curves  from  the  top  of  the  chart, 
figure  2,   it  ^-rill  lg  seen  that  the  tot3.1  manijfac t-'iring  picker  and  card 
waste  varied  greatly  at  the  different  "ooints,    For  the  1936  samples,  the 
total  waste  averaged  10.05  percent  aiu":  varied  froii  a  lo'j  figure  of  7,52 
percent  at  Statesville,  F.  C.,  to  a  high  fi^rure  of  11. 9S  percent  a.t  Lubhock, 
Tex.,  -  a  difference  of  4.4  percent,  or  ijearly  44  percent  of  the  average. 
In  1937  the  total  \7aste  averag-i^d  9.70  percent  and  varied  from  a  low  of 
7,82  percent  at  Jackson,  Tenn. ,  to  a  high  of  13.32  percent  at  Eaton  Rouge, 
La,,  a  difference  ci  6,0  percent,  or  nearly  52  percent  of  the  average. 
Thus,  while  the  percent  waste  was  slightly  lo^rer  on  the  average  in  1937 
than  in  193o,    it,  like  the  grade,  varied  much  more  in  1937  than  in  1936. 
Furthermore,   the  percent  waste  is  seen  to  parallel  the  grades  of  the  cotton 
to  a  very  considera"ble  extent,  and  therefore,  in  turn,   the  adjusted  strength 
of  22' s  yarns.     Florence,  S.  C,  and  LuD"boGk,  Tex.,   seem  to  oe  somewhat 
exceptions  in  1933,  where  a  relatively  high  amount  of  maruf action ing  waste 
was  associated  with  rathrr  high  grade  and  high  yarn  strength.  Prattville, 
Ala.,  presented  an  exce'ntion  in  1937,   in  that  high  yarn  strength  was 
associated  with  much  waste  and  lovj  gra.de  of  lint. 

In  three  cases  with  the  1937  saiToles,  higher  percent  w-^ste  is 
associated  with  inferior  strength  for  tnis  ^,'ear.     The  points  are  Eaton 
Rouge,  La,,  Fort  "Vrlley,  G-a. ,   and  Florence,  S,  C,   although  the  effect 
at  the  latter  point  is  7.-)roDa"bly  not  very  significant,  statistically. 

Turning  next  to  the  yarn  appe-ar^oiice  grades,   shown  in  the  lowest 
set  of  curves,  here  again  higher  ^figures  indicate  lower  grades.     It  v/ill 
be  noted  that  the  yarn  appenran.ce  did  not  show  large  differences  except 
at  three  stations:  Knoville,  Tenn.,  UT:l-ind  station  at  Mr.rianna,  Ark,,  and 
Baton  Rouge,  La,     In  1936  the  yarn  grade  averaged  4.9,  or  about  B,  and 
varied  from  a  high  of  4„0,  or  B  +,  at  Fort  V-lley,  Qa, ,   and  Statesville, 
N,  C,   to  a  low  of  6.5,   or  between  B  -  and  C        at  the  upland  station  at 
Marianna,  Ark,     This  is  a  difference  of  slightly  less  than  a  full  grade 
step,  or  51  percent  of  the  average.     In  1537,  however,   the  grades  averaged 
4.8,   or  very  slightly  better,  hut  varied  from  a  high  of  3,5,  or  between 
A~  and  B        at  Knoxirille,  Tenn.,   to  a  low  of  3,0,   or  C,  at  Baton  Rouge,  La, 
This  is  a  rarige  of  4.5,  -  one  and  one-half  full  yarn  grades,   or  94  percent 
of  t"ne  average.     At  Knoxville,  Tenn.,   and  the  upland  Marianna,  Ark.,  station 
the  yarn  grades  were  appreciably  better  in  1937  than  in  1936,  while  at 
Baton  Rouge  the  samples  from  the  1937  crop  gave  muc'n  lo'ver  yarn  grades 
than  did  the  corresponding  ones  for  1936.     At  Baton  Rouge,   the  reduced 
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yarn  grade  is  correlated  T7ith  greatly  reduced  skein  strength  of  the  yarns 
at  this  place  for  19o?,  Vat  at  the  form or  two  stations  'the  superior  grade 
of  the  yarn  in  1937  is  not  -correlated  with  a  correspondingly  higher  skein  %. 
••  strength. 

Yarn  Sko in  Strength  in  Relation  to  Piper  Len/cth  Yariahil ity.  Fiher 
Stij3n^th,  Piher  Fineness,  and  !F i o er  Wall  Develoyoment 

It  is  not  knovm  definitel^f  just  how  variation  of  fiher  length  within 
a  sample  aff;-,':'/bs  i^^  j'^arn  strength.     It  may  'r^e  presumed,  however,  that 
greater  variation  of  fiber  length  will  rediic-^o  the  drafting  efficiency  of 
various  raanux  .,,,ctura ],.g  processes  and  thus  may  give  rise  to  a  greater  vai'iation 
of  yarn  coun':  at  rlort  intervals  along  the  yarn.     Since  yarn  tends  to  hrealc 
at  its  weakest  point,   it  might  he  predicted  that  greater  var ia.'bility  of 
fiber  length  would  tend  to  lead,  on  the  avera^^ie,  to  loY/er  measured  yarn  ' 
strength.     Id  figure  3,  second  sot  of  curves  from  the  top,  this  prediction 
in  relation  ti  the  adjusted  skoin  strength  seems  to  be  lealised  to  a' con- 
siderable extent,   in  the  case  of  the  1937  samples,  but  to  little,   if  any, 
.extent  in  the  case  of  the  1936  saiaplus.     The  plotted  poiiits  are  in  terms 
of  the  coefficient  of  vcsriation  of  length,   that  is,   the  standard  deviation 
of  fiber  length  e:iprossed.  as  a  percent  of  the  mean  length. 

The  coefficient  of  variation  of  length  for  the  1936  samples  averaged 
27.4  percent  and  extends  from  23.7  percent  for  Statesville,  IT.  C,  to  32.4 
percent  for  the  upland  station  at  Marianna,  Ark.,  a  difference  of  8.7  per- 
cent, or  about  32  percent  of  the  average.     The  coefficient  of  length 
•variation  in  1937  averag'-d  27.2  percent  and  extended  from  23.9  percent 
at  Knox^/ille,  Tenn.,  to  32.3  percent  o.t  Baton  Rouge,  La.,  a  difference  of 
8.4  percent,  or  31  percerLt  of  the  average.    Thus  the  average  variation 
and  the  range  were  very  similar  for  the  2  years.    Only  at  Sa.ton  Rouge, 
La.,  ajid  to  a  somewhat  less  extent  at  ."Florence,  S.  C,  was  the  length 
variation  appreciably  higher  in  1937  than  in  193S.     This  m.ight  indicate 
either  lower  strength  of  the  fibers  originally  or  deterioration  -jith 
greater  gin  breakage  in  1937  th.an  in  1936.     In  bouh  these  cases  greater 
length  variation  is  correlated  with  reduced  a^djusted  yam  strength, 

passing  to  the  ne::t  lower  set  of  curves  in  figure  3,   it  will  be  noted 
that  the  Chandler  bundle  strength  4/  averaged  77.4  thousands  of  i^o-ands  per 
square  inch  for  the  samples  in  1936  and  73.3  thousands  for  the  1937  samples. 
This  is  a  decrease  of  4.5  thousands  of  pounds  per  square  inch  from  the  1936 
samples,  or  5.6  percent.     In  1955  the  biindle  strength  values  ranged  from  a 
low  of  67,7  thousands  of  pounds  per  sq_uare  inch  at  Statesville,  N.  C,  to  a 
high  of  82,5  thousands  at  the  delta  station  at  Marianna,  Ark.    This  is  a  dif- 
ference of  14,8  thousands  of  pounds  per  square  inch,   or  19.1  percent  of  the  - 
average.     In  1937  the  bundle  strength  varied  from  a  low  of  66.0  thousands  of 
pounds  per  square  inch  at  Baton  Rouge,  La..,  to  a  high  of  80.9  thousands  of 
pounds  at  the  upland  station  at  Marianna,  Ark,    This  difference  is  24.9  ^ 
thousands  of  pounds  per  square  inch,   or  54  percent  of  txie  1957  average.  In 
other  words,  the  range  in  strength  for  the  1937  sajnples  was  more  than  one  and 
two- thirds  times  a.s  great  a„s  tha.t  in  1936. 


4/  Richardson,  Howard  B.,  Bailey,  T.  L.  W.,  Jr.,  and  Conrad,  Carl  M, 
Methods  for  the  Measurement  of  Certain  Character  Properties  of  Raw  Cotton. 
U.S.  Dept.  Agr.  Tech.  Bui.  No.  545.     80  pp.  illus.  1937,     (See  pp.  4-35.) 
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Figure  3,-    Adjusted  skein  strength  of  22's  yarn  in* 
relation  to  variation  of  fiber  length,  chandler  bundle 
strength,  fiber  weight  per  inch  and  percent  thin-walled 
FIBERS.  Each  plotted  point  is  the  average  for  the  two 

VAR I ET I ES . 
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The  Chandler  "bundle  strength  curve  for  the  1936  samples  parallels 
the  1936  adjusted  yarn  strength  curve  fa.irly  \T3ll,     One  slight  exception 
has  "been  obsei'ved  in  connection  with  the  unland  station  at  Marianna,  Arkt 
Also,  but  to  a  somewhat  less  extent,   the  1937  Chandler  strength  curve 
parallels  the  1937  adjusted  skein  strength  curve.     In  the  latter  case, 
however,   the  magnitudes  of  the  changes  in  the  two  curves  are  not  in  good 
proportion,  particularly  as  seen  at  Stoneville,  Miss.,  Jackson,  Tenn., 
and  Baton  Rouge,  La.,   in  comparison  with  the  other  points.     It  is  evident, 
nevertheless,   that  the  adjusted  22' s  yei'n  skein  strength  reflects  the 
varying  strength  of  the  fihers  to  a  rather  nigh  degree.     That  is,  in 
every  case  where  the  adjusted  yarn  strength  is  lOT/er  in  1937  than  in 
1936,   the  Chandler  bundle  strength  also  is  lower  in  1937.    As  will  he 
referred  to  la.ter,  however,  various  influences  were  at  work  at  a.  number 
of  points  throughout  the  Cotton  Belt  in  1937  to  reduce  the  fiber  strength 
and  g_uality  over  that  shown  at  the  s,ame  point  in  1936. 

The  tvvo  lower  sets  of  curves  in  fig-ure  3,  representing  weight 
fineness  and  wall  development,  respectively,  may  be  conveniently  considered 
together.     It  will  be  observed  that  both  the  1936  and  1937  samples  varied 
a^uite  materially  in  both  measures.     It  is  evident  tha^t,  on  the  tiverage,  the 
1937  sajnples  had  heavier  and  coajrser  fibers  than  did  the  1936  samples,  the 
avera.ges  being  4,0  and  4.2  micrograms  per  inch  for  1936  and  1937,  res- 
pectively.    This  is  a  difference  of  0.2  microgrMras  or  4.9  percent  of  the 
averagti.     The  rajige  extended  from  3.8  to  4,7  micrograms  per  inch,  for  1937,- 
a„s  coranaired  with  3,4  to  4.4  micrograjns  per  inch  for  1936.     The  nature  of 
this  difference  is  to  be  discovered  in  the  wall  development  curves  at  the 
bottom  of  the  chart,  which  show  that  the  1937  samples  had  fewer  thin-walled 
fibers  relativeljr  than  did  those  of  1936,     The  percent  in  the  1936  s.amples 
ranges  from  22.8  to  39,8  and  averages  29,4  percent,  whereas  in  1937  the 
percent  r-anges  from  18.8  to  35,1  and  averages  25.7  percent.     The  difference 
between  the  avera.ges  is  3,7  percent,  or  15  percent  of  the  average.  The 
evidence  is  for  good  vegetative  grovfth  conditions  in  1937,  better  on  the 
average  than  in  1936,     Slight  exceptions  must  be  ma.de  in  the  case  of 
Florence,  S.  C,  and  Lubbock,  Tex,     ITeither  the  fineness  curves  nor  the 
wa.ll-developm.ent  curves  seem  to  bear  ai.ny  well-defined  rela.tion  to  the 
adjusted  skein-strength  curv^^^s.     At  points  they  run  parallel;  at  others, 
in  opposite  directions.     In  three  of  the  five  cases  of  large  differences 
between  1936  and  1937  adjusted  skein  strength,   the  weight  per  inch  was 
greater  in  1337;   in  two  it  was  equa.1  or"  less.     It  was  much  greater  in 
three  cases  where  there  was  little  difference  in  the  skein  strength  for 
the  2  yea.rs.     Almost  a  paraJlel  statement  applies  for  percent  immature 
fibers.     This  merely  indicates,  of  course,   that  other  fiber  properties- 
a.nd  factors  also  are  operant ing  and  exerting  their  influences  too,  couo- 
tiraes  apparently  overshadowing  the  real  influence  of  the  fiber  property 
under  consideration  and  frequently  making  proper  interpretations  difficult, 
if  not  impossible. 
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Relat  ion  of  A  A  .tasted  32'  3  Skein  Str  engSith  to  Pi"ber  Cross  Section, 

IiJ^ilf.^  Area,  and  Ratio  of  Axes 

It  has  always  "been  presumed,   and  logically,   that  such  fi"ber- 
diinensional  characteristics  as  mean  cross  sectional  area,  mean  Imien  or 
canal  a.rea  of  cross  section,   and  mean  ratio  of  axes  of  the  cross  section, 
would  have  some  relation  to  yarn  strength  and  other  yarn  properties.  The 
net  area  of  fiber  cross  section,   that  is,   the  total  area  within  the  perimeter 
of  the  cross  section  and  exclusive  of  the  area  of  the  lumen,  theoretically 
should  "be  related  to  the  previously  discussed  fiher  weight  per  inch,  if 
equal  density  of  deposition  of  the  cellulose  is  assuraed.     Whether  the 
cellulose  is  deposited  with  uniform  density  in  all  cases  or  whether  the 
density  varies  hps  "been  and  still  is  a  somewhat  disputed  point. 

The  lumen  area  of  the  fiher  cross  section  is  usually  small  in  re- 
lation to  the  net  fibrous  substcmcc  cross  section.     This  is  due,  not  to 
the  fact  that  the  cotton  fiber  neat'ly  fills  itself  with  cellulose  daring 
the  secondary  thickening  process  of  growth,  but  to  tne  fact  that  the  fiber 
collapses  more  or  less  at  or  near  the  time  of  boll  opening.     The  result  is, 
therefore,   a  fiber  in  the  form  of  a  ribbon-like  tube,  twisted  more  or  less; 
that  is,  convoluted  or  twisted  through  angles  of  180°,  more  or  less  irregu- 
larly spaced  along  the  length  of  tlie  fiber,  and  with  occasional  reversals  or 
change  in  the  direction  of  twist.     Sometimes  the  fibers,  on  collapsing,  do 
not  give  rise  to  ribbon-like  structure  but  to  elliptical  tubes,  with  a 
considerable  opening  of  the  lumen  compartment  rem.aining.     This  is  true  not 
only  in  certain  cases  of  underdeveloped  fibers,  but  also  in  especially 
thick-walled  fibers  where  the  rigidity  of  the  wall  structure  prevents  the 
complete  collapse. 

The  ratio  of  axes  of  the  fiber  cross  section  is  another  measure  of 
maturity.     As  a  rule,  a  very  imnaturu  fiber  collapses  upon  drying  into  a 
very  thin,  relatively  wide  ribbon,  and  the  width  of  the  major  axis  is 
several  to  many  tim.es  the  width  of  the  minor  axis.     As  the  fiber  develops 
nove  and  more  and  cellulose  is  deposited  within  the  wall  this  ratio  decreases 
to  between  4  and  2,  or  even  less.    Accordingly,   it  is  to  be  expected  that 
the  ratio  of  axes  vjill  be  fairly  well  related  to  percent  imr.iature  fibers, 
discussed  in  the  preceding  section. 

In  figure  4  the  net  area  of  fiber  cross  section,   the  fiber  cross 
section  lumen  area  and  the  rcatio  of  cross  section  axes  ore  plotted  in 
relation  to  the  adjusted  22 's  skein  strength.     Ag£iin  the  arrangement  is 
by  the  2  crop  years  and  11  locations  of  grov/th. 

Looking  first  at  the  mean  net  area  of  fiber  cross  section,  shown 
in  the  second  set  of  curves  from  the  top  of  figure  4,    it  will  be  seen  that 
this  varied  much  for  both  years.     The  1936  samples  gave  an  average  of  149.5 
square  microns  and  those  of  1937,  an  average  of  162.2  square  microns.  This 
is  a  difference  of  12.7  square  microns  between  the  11  sets  of  samples. 


ADJUSTED  SKEIN  STRENGTH  OF  22s  YARN 
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Figure  4.-    Adjusted  skein  strength  of  22's  yarn  in 
relation  to  net  area  of  fiber  c r 0 s 3 - se c t i  0 n ,  area  of 
lumen  cross-section  and  ratio  of  axes  of  fiber  cross- 
SECTION,     Each  plotted  point  is  the  average  for  the  two 

VAR I ETI ES • 
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Or,   expressed  in  another  way,   the  1337  saiiplss  pocaessed  f iters  v/hich 
averaged  8.5  percent  tzviD^.tev  a,hsolube  areas  of  cross  sections  t'nan  did 

^  those  for  the  1936  series.     In  1936  the  range  was  f]^om  122.3  sq^^re  microns 

at  Stoneville,  Miss.,  to  168,3  square  microns  at  Florence,  S.  C,  -  a 
difference  of  46,0  square  raicrons,   or  30.8  percent  of  the  averp.ge.  In 
1937  the  net  area  of  cross  section  ranged  from  135.4  square  microns  at 

*  *  Port  Valley,  Ga. ,   to  186,1  square  microns  at  Kno:r/ille,  Tenn. ,  a  difference 

of  50.7  square  microns,   or  31,5  pr^rcent  of  the  average.     Thais,  for  the 
1937  samples,  the  range  of  absolute  fiber  cross-sectional  a-r^a.s  ^^as  greater 
than  that  for  the  1936  series.     This  is  in  agreement  with  tho  fiber  i;7eight 
per  inch,  which,  as  previously  discussed,  v/aoS  greater  in  1937  tha.n  in 
1936.     The  net  area  curves  show  considerable,  but  by  no  means  perfect, 
agreement  with  the  weight  per  inch  curves.     An  especially  prominent  dis- 
crep.ancy  is  observed  in  the  case  of  Tort  V-;lley,   Ga.  ,   \7here  the  Y/eight 
per  inch  is  moderately  high  but  the  net  area  low.     Thus,   there  is  some 
indication  against  uniform  density  with  respect  to  cellulose  deposition. 

In  relat iongto^^the  adjusted  22' s  skein  strength  the  iiet  area,  c^ui^ves 
for  both  years  show/para-llel  and  sQirae  op]posite  co^jirses.     Por  the  first  fo'ur 
stations,   reading  from  the  left-hrjid  side  of  the  chart,   the  trends  are 
Completely  harmonious,     T-h-at  is,  as  the-  net  aa:ea,s  increased  or  decreased, 
so  did  the  adjusted  yarn  strengths.     In  most  of  the  remaining  seven  cases, 
however,   there  is  no  evident  relationship  between  the  two  sets  of  values, 
probably  the  most  deiinits  relat ionsl-.ip  that  inny  be  perceived  is  thait  the 

^  net  fiber  a„rea  was,  on  the  r^/erago,  larger  foi'  the  sajnples  in  1937  thaji 

for  those  in  1936,  whereas  the  skein  strength  was  weak^-r,  on  the  average, 

I      I  in  1937  than  in  1933, 

f  ^ 

The  lumen  area,  shov/n  in  the  third  set  of  curves  from  the  top  of 
figure  4,   also  displays  considera.ble  fluctuation.     The  1936  saimples  average 
16.11  squa.re  microns  and  these  of  1937  the  seme.     In  1935,   the  lumen  area- 
varied  from  a.  minim'oii  of  11,11  souare  microns  at  Port  VaJ.ley,  C-a. ,   to  a- 
maximum  of  21,90  square  m.icrons  at  Kno^cville,  Tenn.,  a  ra.nge  of  10.79 
Square  microns,   or  67  r^ercent  of  the  avera.ge.     In  1937  the  l-amen  area 
varied  from,  a  minimum  of  11.76  squa.re  microns,  also  a.t  Port  Valley,  G-r^. , 
to  a  rxa:v:im^jm  of  18.95  square  microns  at  Statesville,  IT.   0.,   a  range  of 
only  7.19  saguare  raicroris,   or  only  44.5  percent  of  th.e  average.     In  genera.l, 
the  lumen  area  seems  to  fluctuate  with  the  net  area,  but  there  are  a  number 
of  prominent  exceptions.     ITo  very  well-defined  relat  ions -lip  is  evident 
between  fiber  1-umen  a.rea„  and  a.djusted  22' s  yaxn  skein  strength,  or  between 
differences  in  results  for  the  2  yeau^s. 

In  the  lowest  set  of  curves  in  figaire  4,   the  ratios  of  fiber  cross- 
sectional  axes  also  show  le.rge  fluctuations.     T'le  ratio  for  tn.e  1936  samples 
)  averaged  3.39  and  for  the  1937  samples,  3.22.     This  gives  a  difference  of 

0.17,  or  the  ratio  for  1937  is  5.3  percent  less  than  that  for  1935.  In 
1936  the  ra-tio  of  fiber  cross-sectional  axes  varied  from  a„  minimum  of  2.89 
at  Baton  Rouge,  La.,  to  a  majximma  of  3.98  at  Lubbock,  Tex.,  a  rar.ge  of 
1,09,   or  32  TDercent  of  the  average.     In  1937  the  ratio  varied  from  a 
minimum  of  2.74  at  Statesville,  IT.  C. ,   to  a  maximum  of  4.36,  also  at 
Lubbock,  Tex,,  -  a  range  of  1,62,   or  more  than  50  percent  of  the  ajvera^ge. 


Ltibbock,  Tex.,   is  remarkable  in  giving  large  ratios  of  cross-sectional  axes 
on  "both  years  "but  apparently  this  was  not  detrimental  to  the  yarn  strength, 
whose  fluctuations  bear  little  relation  to  the  f luctiiat ions  in  ratio  of 
axes.     The  miniiiitjn  yarn  stren<f^th  from  Baton  Rou,^e  in  1937  is  associated 
with  about  an  average  ratio.     The  minimum  ratio  at  Statesville,  II.  C,  in 
1937,  is  associated  with  about  an  averrxge  yarn  skein  strength.     Thus,  for 
these  two  sets  of  spjnples,  no  well-defined  relationship  is  observable  between 
ra.tio  of  axes  and  adjusted  yarn  skein  strength.     It  is  of  particular  interest 
to  note  that,  in  comparison  v/ith  the  percent  tnin-walled  fibers,  the  ratios 
of  the  fiber  cross-sectional  axes  show  m. any  similar  trends;  nevertheless, 
there  -are  a  num.ber  of  exceptions,  as  might  be  expected. 

Relation  of  Adjusted  22 '  s  Ske  in  Sjtren,gi}h  to.  the  Structure 

Qiial ity  of  the  Cellulose 

In  a  consideration  of  the  sotj-Tcgs  of  failure  in  most  of  the  samples 
tested  for  the  1937  series,   the  composition  and  st'ructural  arrangem.ent  of 
the  fiber  should  not  be  overlooked.     It  is  very  evident  to  those  who  have 
had  to  deal  with  the  techno!  ogy  of  cotton  that  the  strength  of  the  fiber 
resides  principally  in  the  cellulose  conBtituent.     In  v/dl  m.atured  fiber, 
the  cellulose  makes  up  from  90  to  95  percent  of  the  dry  weight,  v/hile  in 
less  well-developed  fibers  the  ■percent  of  cell'ulose  makes  up  a  somewhG,t 
lower  percentage. 

The  structural  alignment  of  cotton  fibers  refers  to  the  cellulose 
component  alone  and  then,   specifically,  only  to  the  crystalline  portion 
of  this  cellulose  component..     The  c'llignment  referred  to  is  measured  with 
an  X-rcy  technique,  and  nay  be  expressed  in  terms  of  degrees,  as  some 
function  of  the  average  .deviation  of  the  long  axis  of  tlie  cellulose  crystals 
with  the  axis  of  the  fiber.     Th^.  particixlar  oe<:is-ui''e  that  is  used  in  our 
laboratories  is  known  as  trie  "4-C  percent  angle". 

On  the  other  hand,   the  quality  of  the  cellulose,  or  its  soundness, 
if  you  prefer,   depends  on  the  length  of  the  Coll"a3.ose  molecules.     Good  sound 
cellulose  consists,   according  to  our  best  knowled^ge,  of  molecules  that  are 
enormously  long  in  comparison  to  their  cross  sections,    Whether  the  length 
differs  according  to  variety  of  cotton  or  growth  conditions  is  not  known. 
Those  are  problems  on  which  technologists  in  our  laboratories  o.vo  now 
v;orking  iiard.     We  do  knov;  in  a  more  or  less  generel  wa^/,   hov;ever,  that  as 
a  result  of  exposure  to  sunlight,  .dev7,  rrdn,  and  the  action  of  certain 
microorganisms,   the  molecules  of  cellule sf^;  of  cotton  fibers  and  of  many 
other  biologic:'l  :.iaterials  .are  ,  broken  into  shorter  lengths.     This  occurs 
as  a  result  of  the  action  c^f  one  or  sevt~'ral  agc;ncies  or  processes,  as 
follows:   (l)  direct  splitting. by  the  ultra  violet  c;mponent  of  sunlight; 
(2)  oxidation  througn  combined  action  of  mc;isture,   oxygen  of  the  air,  and 
sunlight;  or  (3)  thi  digv..stive  enzj'^ius  or  ferments  of  microorganisms,  which 
occur  generally  in  .almost  unbelievable  numbers.     For  example,   it  has  been 
considered  that  3  million  microorganism  spores  per  gr,am  of  cotton  lint 
are  no  more  than  norm,al,  but  materially  more  than  t>;.is  is  indicative  of 
QVermoist  conditions  either  before  picking  or  in  the  storage. 


The  soundness  of  the  cellulose,   or  the  na.ture  and,  aiaount  of  cellulose 
degradation,  nay  he'  inferred  from  the  fluidity  of  the  cellulose  in  cuprain- 
monium  solutions,  from  the  solubility  of  the  cellulose  in  strong  alkali 
solutions,  and  from  the  cor^per  nuoher  of  the  cellulose.     In  figure  5  are 
plotted  the  40  percent  angle,  the  fluiditv,   the  alkali  solubility,  and 
the  copper  number  of  the  cellulose,   in  relation  to  the  s,djusted  22' s  yarn 
skein  strength.     The  arrangement  of  years  and  sta,tions  is  as  before. 

Referring  first  to  the  40  percent  angle,   it  should  be  stated  that 
larger  angles  are  associated  with  inferior  cellulose  and.,  vice  versa., 
smaller  angles  with  superior  cellulose.     A  special  exception  must  be  made, 
however,   in  the  case  of  cellulose  deteriorated  by  microorganisms,  light, 
or  chemical  agents,  which  craise  a  shortening  of  the  cellulose  molecules 
without  change  of  their  structural  alinement.     The  1936  samples  possessed 
an  avera^^e  40  percent  angle  of  36.4  degrees,  whereas  the  40  percent  angle 
of  the  1937  sfinples  avera„ged  38,0  degrees.     This  is  an  incre.ase  of  1.6 
degrees  for  the  1937  sajnples  over  the  1936  samples,   or  4,4  percent.  Roughly, 
this  is  equivalent  to  4,400  pounds  per  square  inch  in  terms  of  Cha.ndler 
bundle  strength.     In  1936  the  40  percent  angle  va.ried  from  a.  low  of  33.0 
degrees  at  Jackson,  Tenn. ,  to  a  high  of  41,4  degrees  at  Statesvillo,  iT.  C,  - 
a  difference  of  8,4  degrees,  or  23  percent  of  the  average.     In  1937  the 
40  percent  angle  varied  from  a  low  of  34,6  degrees  at  the  upland  station 
of  Marianna,  Ark,,   to  40,4  degrees  at  Knoxville,  Tenn,,  -  a  ra^nge  of  only 
5,8  degrees,   or  15  percent  of  the  average.     It  will  be  noted  that  the  40 
percent  angle  for  the  1937  samples  was  genorcilly  higher  than  for  those  of 
1936.     This  indicates  for  the  cellulose  in  these  samples  generally  inferior 
structural  arrangement  which  is  in  agreement  with  the  observed  inferior 
yarn  strength.     At  only  one  station,  nameljr,  Port  Valley,  Ga. ,   is  the 
relation  of  40  percent  angle  for  the  2  years  out  of  linr  v/ith  the  relation 
of  adjusted  skein  strength.     The  a-pparent  discrepancy  in  relative  ma.gnitude 
of  differences  of  40  percent  angle  ajid  adjusted  skein  strength  a.t  Sa.ton 
Rouge  in  1937  will  be  referred  to  la.ter. 

Looking  next  a.t  the  fluidity  of  0,5  percent  cuprajnmonium  solutions 
of  the  cottons,   a,s  shown  in  the  tnird  set  of  curves  from  the  top  of  figure  5, 
it  may  be  mentioned  that  here  also  higii  fluidity  is  associated  with  inferior 
cellulose  or  cotton  ajrid,  vice  versa.,  low  fliiility  is  associated  with 
superior  cellulose  or  cotton.     The  fluidity  values  a.vera.ge  3,35  rhes  for 
the  1936  saiaples  and  5.26  rhes  for  the  1937  salaries.     This  is  a  difference 
of  0.09  rhe  in  favor  of  the  1937  samples,  or  2,8  percent.     Thus,  on  the 
average,   the  molecules  of  the  cellulose  were  very  slightly  longer  in  the 
1937  samples  than  in  the  1936  samples,     Tnis  was  not  true  at  all  stations. 
Jot  example,   in  1936,   the  fluidity  varied  from  a  low  of  3.14  rhes  at 
Florence,  S.  C,   to  a  high  of  3,83  rhes  at  the  upland  sta^tion  of  Marianna, 
Ark.,  ~  a  difference  of  0.69  rhe,  or  20.6  percent  of  the  aver.age.  In 
1937  the  fluidity  ranged  from  a  low  of  2,84  rhes  at  Jackson,  Tenn.,   to  a 
high  of  3,88  rhes  at  Baton  Rouge,  La.,  -  a  difference  of  1,04  rhes,  or 
31,9  percent  of  the  a^-verage.     The  range,   thus,  was  considerably  greater  for 
the  1937  samples  than  for  those  of  1936. 
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The  correlation  lDet7/eon  fluidity  and  skein  strength  is  "by  no  means 
complete.    Attention  should  "be  ca.lled  to  several  points.     In  1937  low 
fluidity  of  the  cotton  from  Ja.ckson,  Tenii.  ,    is  correlated  with  high  strength 
for  this  year,  and  high  fluidity  in  txie  cotton  from  Florence,  S.  C.,  and 
Baton  Rouge,  La.,   is  correlated  v/ith  lo',7  strength.     There  seems  to  be  cir~ 
cumstantia].  evidence  of  an  almost  incontrover t ihle  nature  that  in  1937  the 
cotton  at  Eaton  Rouge,  La.,  uas  deteriorated  mainly,    if  not  entirely, 
after  the  holls  opened,  probahly  through  the  combined  action  of  moistiire 
and  microorganisms.     This  conclusion  seems  quite  probable  on  the  basis  of 
the  lo'7  grade  of  the  cotton  at  Baton  Rouge  for  1937,   of  the  high  manufacturing 
v/aste,  of  the  lov;  Cliandler  strength,  ;ind  of  the  approximate  average  structural 
alinement  of  the  c^^llulose. 

Aside  from  the  good  agreement  in  the  instances  cited,   there  are  a 
number  of  discrepancies  in  the  fluidity  -  yarn  strength  relationship.  The 
most  notable  of  these  is  with  the  cotton  from,  the  upland  station  of  Marianna, 
Ark. ,  for  1936.     Here  the  fluidity  is  high  but  the  yarn  strength  is  also 
rather  high.     It  should  be  noted,  ho\763ver,   that  the  structural  alinement 
of  the  cellulose  at , this  station  \7as  very  good.     It  is  possible  therefore 
that  the  relatively  lo\i  40  percent  angle  that  v/as  obtained  was  associated 
vith  high  skein  strength  and  thus  kept  the  values  for  yarn  strength 
relatively    high  in  spite  of  the  comparative  shortness  of  the  cellulose 
molecules. 

The  alkali  solubility  and  the  copper  number  shown  in  the  two  lower 
sets  of  curves,  fi,gure  5,  may  conveniently  be  considered  more  or  less 
collectively.     As  in  the  case  of  each  of  the  other  measures  of  cellulose 
quality  shown  on  this  chart,  high  values  r.re  associated  with  inferior 
quality  mid.  low  values  with  superior  quality. 

In  1936  the  average  alkali  solubility  was  3.72  percent  and  in  1937, 
3.42  percent.     Thus,   the  alksJi  solubility  tost  confirms  the  fluidity  test 
in  indicating  slightly  longer  molecules  on  the  avera,ge  in  1937  than  in 
1936.     In  1936  the  alkali  solubility  varied  from  a  low  of  3.0  percent  at 
Baton  Rouge,  La.,   to  a  high  of  4,66  percent  at  the  upland  station  of 
Marianna,  Ark,,  -  a  difference  of  1.66  percent,   or  44.6  percent  of  the 
average.     In  1937  the  alkali  solubility  varied  from  a  low  of  3.0  percent 
at  the  upland  Marianna,  Ark,,   station  to  a  high  of  4.02  percent  at 
Prattville,  Ala.,  ~  a  difference  of  1.02  percent  or  29,8  percent  of  the 
average. 

The  copiper  n-ujnber  averaged  the  same  in  1937  a,s  in  1936,  namely  0.22 
percent.     In  1936  it  varied  from  a  low  of  0.23  at  Baton  Rouge,  La.,   to  a 
high  of  0,42  at  the  upland  station  of  Marianna,  Ark.,  -  a  difference  of 
0,19  or  59  percent  of  the  average.     In.  1937  the  copper  n^omber  varied  from 
a  low  of  0.24  at  Jackson,  Tenn. ,   to  a  high  of  0,44  at  Knoxville,  Tenn. ,  - 
a  difference  of  0.20  or  63  percent  of  the  average. 

Both  alkali  solubility  ajid  copper  number  follow  the  same  general 
trends  as  the  fluidity  and  accordingly  bear  about  the  same  relation  to 
the  strength  of  the  yarn  as  does  that  mxeasuro.     Both  show  the  relatively 


COPPER  NUMBER  OF  CELLULOSE 
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Figure  5.-    Adjusted  skein  strength  of  22*s  yarn  in 

RELATION    TO   THE    40    PERCENT    ANGLE,    THE    FLUIDITY,  -THE 
ALKALI    SOLUBILITY    AND   THE    COPPER    NUMBER    OF   THE  CELLU- 
LOSE.    Each  plotted  point  is  the  average  for  the  two 

VAR I ET I ES • 
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liigli  degree  of  deterioration  in  the  1937  Baton  Rouge  crop  and  "both  show  on. 
*    f  inferior  quality  of  the  collulose  in  contrast  to  the  relatively  good  yarn 

strength  at  the  upland  station  at  M.?J'in.nna,  Ark,,   in  the  1936  samples. 

All  things  considered  and  in  general,  however,   the  quality  of  the  cellulose, 
I    ^  "both  from  the  str-^jidpo int  of  structural  alinement  and  of  cormnosition,  tends 

to  be  reflected  in  yarn  strength, 

VAREm  DIFITSREITCSS 

Although,   in  all  the  preceding  discussion,  the  results  for  the  two 
varieties,  Missdel  4  and  Stoneville  5,  have  "been  averaged  and  considered 
together,  it  iriust  net  he  assumed  that  they  necessarily  hehaved  identically 
in  all  cases,    A  discussion  of  the  detailed  response  of  the  t^.^o  vpjrieties 
to  the  climatic  and  soil  conditions  at  the  various  locations  and  of  the 
differential  influence  of  their  properties  on  j^arn  strength  is,  however, 
beyond  the  purpose  and  scope  of  this  pa,per.     It  may  be  pointed  out  in 
passing,  nevertheless,  that  the  fiber  length  of  the  Missdel  samples  Y;as 
rather  uniformly  almost  1/8  inch  longer  tha^i  that  of  the  Stoneville 
samples.     In  spite  of  this  appreciable  difference,  both  varieties  gave, 
at  any  one  location,  nearly  the  sime  23-5-3  tire  cord  strength  and  nearly 
the  same  weighted  strength  of  22' s  yarn.    When  the  yarn  strength  vras  adjusted 

J  to  that  of  a  common  average  fiber  length,  ho\7ever,   the  Stoneville  samples 

gave  considerably  stronger  yarn  in  all  cases  than  did  the  Missdel  samples, 

^  the  mean  difference  being  appro:-:imately  9,5  percent, 

'  ■  Further  examination  oi  the  da.ta  shows  that  in  general  the  superior 

character  properties  oi  the  Stoneville  5  samples  could  account  for  the 
greater  yarn  strength  obtainable  from  these  samples  relative  to  their  fiber 
length.     The  Stoneville  5  sa^nples  maintained  rather  uniformly  from  station 
to  station,  better  anj.galar  alinement  of  the  cellulose,  longer  cellulose 
molecules  and,  upon  manufacturing,  gave  materially  less  waste.     In  most 
cases,  the  Stoneville  samples  also  gave,   in  comparison  to  the  Missdel  4 
samples,  a  bjtter  appearance  gr,ade  of  the  22' s  yeJ'n,  a  lower  vaJ'iation  of 
fiber  length,  a  higher  Ca?>ndler  bundle  strength,   a  greater  weight  per  inch 
of  fiber,  a  lower  percent  of  thin-Y?alled  fibers,  a  larger  lunen  and  net 
area  of  fiber  cross  section,  and  n  lower  ratio  of  the  fiber  cross  section 
axes.    On  the  other  hand,  samrl;.s  from  tiie  two  varieties  snowed  rather 
small  and  erra.tic  com-p-a.ra.tive  differences  with  resi^ect  to  oxidation  of  the 
cellulose  as  indicated  by  the  copper  number, 

^  Sma-IAR-Y'  AIJD  COMCLUSIOiTS 

In  an  attempt  to  discover  the  reason  or  reasons  for  the  relatively 
poor  spinning  qua-lity  of  a  considerable  portion  of  American  cotton  from 
*  the  1937  crop,  as  reported  by  manufacturers  of  automobile  tire  cords, 

threads,  belting,  ,and  other  so-called  mechanical  fabrics,   a  special  study 
was  undertaken  of  the  fiber,  yarn,  and  cord  properties  and  the  m.anp-f acturing 
waste  of  different  cottons  selected  from  the  so-called  Regional  Variety 
Series,     Two  varieties  of  American  upland  cotton  were  chosen  for  the  study: 
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Missdel  4  end.  Stoneville  5,  and  corresTJonding  sets  of  samples  were  obtained 
from  the  193?  and  1936  crops.     The  latter  h-as  been  used  as  a  "basis  of  com- 
parison,  since  no  •aii'us'aal  manuf acturing  experiences  were  occasioned  with 
the  1936  cotton  crcD,  rmd  since  its  spinning  qaality  proved  to  "be  more  or 
less  normal  or  slightly  better  than  average, 

11 

The  sar.e  points  of  growth, /'in  number,  were  included  for  both  the 

1936  and  1937  seasons.     They  were  -widely  scattered  over  the  ra.infall  a„rea 
of  the  Cotton  Belt,  as  follows:  Statesville,  N.  C,  ITlorence,  S.  C,  Port  - 
Valley,  Ga. ,  prattville,  Ala.,  K^iox^'ille  a„nd  Jackson,  Tenn. ,  Stoneville, 
Miss,,  Baton  Kouge ,  La.,   the  upland  and  delta  stations  at  Majrianna,  Ark., 
and  Lubbock,  ^["ex. 

.  Measures  of  cord,  yajrn,  raid  fiber  proT^erties  have  been  ma,de  as 
follows:     str^rngth  of  23-5-3  tire  cord,  weignted  s'cein  strength  of  22' s 
yarns,  adjusted  skein  strength  of  22 's  yarns,  appearance  of  22' s  yarns, 
manufacturing  vvaste,  grade  of  the  ra.Y7  cotton,  upper  quart ile  length  of 
the  fiber,  va~"iation  of  fiber  l^ngth^  Cxiandler  bundle  strength,  fiber 
weight  per  incxi,  pc-xent  thin-walled  fibers,  net  area,  of  fiber  cross 
section,  net  lumen  area  of  cross  section,  ratio  of  fiber  cross  section 
axes,  40.  percent  angle  of  the  cellulose,   the  cuprammonium  fluidity  of  the 
cellulose,   the  alkali  solubility  of  the  cellulose  and  the  copper  number 
of  the  cellulose. 

By  averaging  the  data  for  both  va.rieties,   the  results  have  been 
considered,  first,  v/ith  respect  to  season  or  crop  year  tmd,   secondly,  in 
regard  to  location.     The  data  anr^:  relationships  are  presented  in  this 
paper  in  multiijle  chart  form.     W'lilc  the  findings  have  been  analyzed  also 
with  respect  to  variety,  by  averaging  the  data  for  the  2  crop  years  and 
for  the  different  locations,   the  data  are  not  discussed  ^:-r.ce  the  varietal 
phase  is  bej/ond  the  scot^io  of  this  paper.     General  rv^ference,  however,  is 
made  to  the  varieta^l  relationships  that  have  been  observed. 

The  spinning  results  for  the  2  ^rears  showed  that  on  the  average 
the  1937  samples  were  inferior  to  those  of  1936  by  4.1  percent  as  regards 
cord  strength,   and  6,17  percent  as  concerns  yarn  strength.     Not  all  of  the 
samples  tested  for  the  1937  crop  were  inferior  to  the  corresponding  s.amples 
for  1935  with  respect  to  yarn  and  cord  strength.     That  is,   at  only  five  of 
the  eleven  stations,  namely,  ^Florence,  S,  C,   the  delta  sta.tion  of  Marianna, 
Ark.,  Fort  Valley,  Ga. ,  Baton  Rouge,  La,,  and  Stoneville,  Miss.,  was  the 
inferiority  of  yarn  strength  very  noticeable.     The  most  outstanding  dis- 
parity of  all  occurred  at  Barton  Rouge,  La,,  whore  the  yarn  strength  of  the 

1937  samples  was  found  to  be  45  percent  v/eaker  tha.n  in  1936,  and  the  cord 
strength,  18,5  percent  weaker.     On  the  other  hand,   six  of  the  stations  - 
Jackson  and  Knoxv idle,  Tenn.,   Statesville,  'hi,  C,  Prattville,  Ala,, 
Marianna,  Ark.,  upland,  and  Lubbock,  Tex.,  -  ga.ve  approxima.t ely  the  same 
yai'n  strength  for  both  years,   that  at  Prattville,  Ala.,  being  slightly 
higher  in  1937  than  in  1936,     Moreover,  at  two  of  the  st actions  where  the 
test  was  made  -  Knoxville,  Tenn.,   and  the  upland  station  of  Marijmna,  Ark, 
the  appearance  grades  of  the  yarn  were  noticeably  better  in  1937  than  in 
1936,     At  Baton  Rouge,  however,   the  22' s  yarn  had  a  much  lower  appearance 
grade  than  in  1936. 


In  order  to.  reveal  nore  clearly  the  effects  of  the  measured  "oropertie 
of  the  fibers  and.  of  the  general  chara.cter  of  the  cotton  on  yarn  strenf::th, 
the  yarn  stren^-th  data  heave. "been  "adjusted"  for  comDarison  to  w'iiat  they 
would  have  been,   if  all  s-ajuples  had  had  'the  srme  average  fiber  length  and 
all  other  properties  had  been  the  saj.ie  as  before.     Jith  the  effects  of 
varying  fiber  length  removed,   the  yarn  results  in  relation  to  location 
remain  generally  the  same  but  assume  different  proportions  in  some  rar- 
ticulars;  for  oxaniple,  the  same  five  stations  mentioned  previously  con- 
tinue to  show  greatly  reduced  yarn  strength  for  the  19^^?'  samples  as  com- 
pared with  that  for  1936.     Two  additional  stations,  namely,  Knoxville, 
Tenn.  and  Lubbock,  Tex,,  now  show  appreciably  lovyer  strengths  for  1937. 
The  Marianna  upland  station  now  sliows  only  slightly  reduced  yarn  strength 
for  1937.    And  two  of  the  stations  ~  Statesville,  N.  C,  and  Prattville, 
Ala.  -  show  a  slight  increase  in  yarn  strength  for  the  1936  saraDles  over 
that  for  the  1937  s-amples. 

The  causes  for  the  greatly  reduced  yarn  strength  in  1937,  as  com- 
pared with  that  in  1935,   appear  to  differ  at  the  different  stations.  At 
Baton  Rouge,  Lb.»  ,   the  eztr.2me  inferiority  of  the  cotton  seem.s  to  be  due  to 
fiber  deterioration,  probablj/'  caused  prir.cip.ally  by  microorganism.s .  In 
addition  to  having  a  somewha.t  poorer  alinemont  of  the  cellulose  7/ith  the 
fiber  ajvis,   the  1937  cotton  gro7/n  at  Baton  p£.oug;e,  La.,  had  a  much  higher 
variability  of  fiber  length  than  that  of  the  1936  crop,   thereby  indicating 
weaker  fibers  which  broke  more  during  gin.ning.     This  is  confirmed  by  the 
Chaxndler  bundle  strength  of  the  1937  s.amples  at  this  sta.tion,  which  was 
considerably  lower  than  that  of  the  1936  series  of  s;-.jnples;  and  the  quality 
of  the  cellulose  was  much  inferior  as  indicated  by  the  fluidity  of  the 
cupraramonium  solutions,   the  alkali  solubility,  and  the  copper  number.  At 
Florence,  S.  C,   the  1937  samples  gave  similar  but  much  less  pronounced 
evide.nces  of  deterioration  by  microorganisms.     The  grade  of  the  cotton  lint 
particularly,  v/as  nearly  two  steps  lower  at  this  station  in  1937  than  in 
1936.     The  somewhat  high  values  for  cuprammonium  fluidity  cind  copper  number 
suggest  a  poor  quality  of  cellulose,  and  the  low  Chandler  bundle  strength 
and  high  length  variability  indicate  poor  fiber  quality. 

At  Stoneville,  Miss,,  and  the  delta  station  of  Ma.rianna,  Ark.,  poor 
alinement  of  the  cellulose  with  the  fiber  a.xis  and  coarseness  of  fiber 
seems  to  be  the  dom.inanu  factors  associated  with  the  inferior  yarn  ojid  cord 
quality  of  the  1937  samples.     The  poor  cellulose  alinement  is  clearly  re- 
flected in  reduced  bundle  strength  of  the  fiber. 

On  the  other  hand,  at  Fort  Valley,   C-a.  ,   the  low  strength  of  the  1937 
fiber,   as  indicated  by  the  Chandler  b'urid.le  test,  a;.pparently  is  not  associate 
with  an  inferior  cellulose  aiigle  or  d.eter iorated  cellulose.     At  this  station 
however,   the  percentage  of  manufacturing  waste  for  tne  1937  samples  was 
higher  and  the  fibers  were  coarser  and  ha.d  a  larger  lumen  ^rea  than  was  the 
case  with  the  1936  series  of  samples.     Otherv/ise,   there  seems  to  be  little 
explana.tion  at  this  time  for  the  inferiority  of  the  yarn  at  the  Georgia 
station  in  1957. 
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Finally,  these  comparisons  reveal  the  relatively  great  varialDility 
that  occurs  in  cotton  qiialitj^,  not  only  from  season  to  season,  but  from 
place  to  place  within  a  given  season.    More  important,  perhaps,   they  show 
how  inaccurate- and  unfair  it  is  to  attempt  to  speak  of  cotton  quality  from 
the  standpoint  of  the  crop  as  a  whole,  or  even  of  any  major  section  of  it, 
on  a  basis  of  data  from  only  a  comparatively  few  tests  and  locations  of 
growth.     It  is  evident  that  a  careful  statistical  study  of  the  influence 
of  climatic,   soil  and  other  conditions  on  fiber  a,nd  yarn  properties  for 
the  entire  Regional  Variety  Series  is  needed  and  such  a  study  will  be 
undertaken  as  soon  as  data  from  the  other  varieties,  locations  and  years 
have  been  assembled. 
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